Objective: To determine the extent of an inherited contribution to amyotrophic lateral sclerosis (ALS) mortality.
in ALS beyond first-degree relatives. This study provides an improved understanding of the risk of ALS among extended family members of patients with ALS.
METHODS Genealogic data. The UPDB is a computerized genealogic/medical resource created from the linkage of multiple data sources. Genealogic data have been record-linked to disease data for the state, including all Utah DCs from 1904. More than 2.5 million individuals in the UPDB belong to genealogies with at least 3 generations of data; some pedigrees extend to 15 generations connecting to the Utah pioneers. The resource includes genealogic data for the original Utah pioneers (members of the Church of Jesus Christ of Latter-day Saints, or Mormons) and their descendants. 4 Utah's founding pioneers were composed of a sizable, largely unrelated mixture of European population. 5 This population continued to have high rates of immigration for years after its founding in 1847. 5 Studies using pedigree data, migration matrices, and isonymy have all shown low levels of inbreeding in the founding population of Utah. 6 Inclusion criteria. The genetic relationships among the individuals in the UPDB whose Utah DC listed ALS as a cause of death between 1904 and 2009 have been analyzed to describe the familiality of death from ALS. The cause of death on Utah DCs was previously encoded using ICD codes, revisions 6-10. For deaths occurring before 1956, ICD-10 coding was retrospectively assigned. ICD codes were used to identify patients in the database with ALS listed as the primary or a contributing cause of death on a DC (DCs were limited to only one cause of death until 1980) with at least 3 generations of genealogy in the UPDB. Given the evolving ICD coding system, these codes include ALS as well as other motor neuron diseases, including progressive muscular atrophy, progressive bulbar palsy, and progressive lateral sclerosis, but exclude spinal muscular atrophy, which has been indicated as the most complete method to capture patients using DCs. 7 The frequency of deaths by ICD code is shown in table e-1 on the Neurology ® Web site at www.neurology.org. For simplicity, we use the term ALS to describe the studied condition, with the understanding that we are also referring to other, less common forms of motor neuron disease. Only patients whose age at death was greater than 14 years were included because younger deaths were more likely to represent cases of miscoded spinal muscular atrophy rather than ALS.
RR in relatives.
To estimate the RR of death with ALS among relatives, the observed rate of death with ALS in relatives was compared with the expected rate of death with ALS calculated internally in the UPDB, as follows. All individuals in the UPDB who belong to at least 3 generations of genealogy, and who have a coded cause of death were assigned to 1 of 132 birth year-(5 years), sex-, and birthplace-specific (Utah or not) cohorts. The rate of death with ALS for each cohort was estimated as the total number of individuals with ALS reported as a cause, or contributing cause, of death in each cohort, divided by the total number of individuals with a DC in the cohort.
The expected number of relatives dying with ALS was estimated by counting all relatives of probands who have a DC (by cohort, each relative counted only once regardless of how many times they are identified as a relative of the degree of interest), then multiplying the number of deceased relatives (per cohort) by the cohort-specific rate of death with ALS, then summing over all cohorts. R 5 observed/expected is an unbiased estimator of RR and can be calculated for different relationships. Two-sided probabilities were calculated under the null hypothesis RR 5 1.0, under the assumption that the number of observed deaths follows a Poisson distribution with mean equal to the expected number of deaths.
Genealogical Index of Familiality. The Genealogical Index of Familiality (GIF) statistic was developed specifically for the UPDB. 8 The GIF analysis considers all genetic relationships between cases and measures the average relatedness among all pairs within a set of individuals. The relatedness measure implements the Malécot coefficient of kinship, 9 defined as the probability that randomly selected homologous genes from the 2 individuals are identical by descent from a common ancestor. For example, for siblings, the coefficient is 0.25 (1/2 2 ); for grandparent/grandchild, the coefficient is 0.125 (1/2 3 ); and for first cousins, the coefficient is 0.0625 (1/2 4 ). The contribution to the GIF statistic is smaller for pairs with a greater genetic distance. The case GIF is defined as the average of the coefficients of kinship between all possible pairs of cases (310 5 ). To test the hypothesis of no excess relatedness among the set of all deaths with ALS, the case GIF was compared with the empirical distribution of GIF statistics estimated from 1,000 sets of matched controls. Controls were randomly selected from all individuals with genealogic data and a DC, and matched to cases by birth cohort (5 years), sex, and birthplace (Utah or not). These analytical methods, including GIF analysis, have previously been applied to describe the familial and genetic contribution to mortality for multiple phenotypes including intracranial aneurysms, 10 influenza, 11 and asthma. 12 The GIF statistic can also be estimated while ignoring all close relationships (relationships closer than first cousins); this allows a test of the hypothesis that excess relatedness has been observed among distant relatives. This test is termed the distant GIF or dGIF test and allows determination of whether the excess familial clustering observed could all be due to shared environmental effects.
Standard protocol approvals, registrations, and patient consents. This research was limited to the analysis of unidentifiable data. There was no contact with human subjects, thus no informed consent was required.
RESULTS Eight hundred seventy-three individuals meeting inclusion criteria were identified in the UPDB from 1904 to 2009. As shown in table e-1, the majority of patients were identified with the most recent version of ICD codes. Among all records from 1904 to 2009 with at least 3 generations of data, the lifetime risk of ALS is 1 in 800. When results are restricted to the time period between 1990 and 2009, the lifetime risk of ALS is 1 in 391. The mean age of death of patients with ALS is 66 years, with a peak in the 65 to 69 age group (n 5 146). The average age of death is slightly higher in females than males; the age of death with ALS has increased over time for both sexes. The majority of the patients (all but 6) were white.
GIF analysis was used to test whether there was an excess of relatedness between cases compared with the expected relatedness in the UPDB population, as estimated from age-, sex-, and birthplace-matched sets of controls. The sample size, average case relatedness (case GIF), mean control relatedness (control GIF), and empirical significance are shown in figure 1 ). The RR for brothers of probands is significantly increased (RR 5 6.24, 95% CI 3.32, 10.69; p , 0.0001), and the RR Table 1 GIF There were no identified spouses of probands who also died with ALS. DISCUSSION We have shown familial clustering in excess of expected for ALS using mortality data and a large population-based database. These data, including the mean age of death, overall familial risk, and increased male predominance, are in agreement with previous studies. A recent meta-analysis suggested that the frequency of fALS is approximately 5%, and our rate of 8.6% is likely higher because of the inclusion of second-degree relatives (the rate is 3.6% when limited to affected first-degree relatives) and the reduction of ascertainment and recall bias. Given that our results confirm prior findings, this serves to validate our data as representative of the mixed European populations that have predominately been studied. We extend these prior studies by determining that there is no increased risk of ALS among third-through fifth-degree relatives.
While there is no uniform agreement of the definition of fALS, it is usually defined as ALS in either a first-or second-degree relative of a proband. 1 Our study provides clear support for the use of this definition.
These data also have implications for genetic counselors, neurologists, and other clinicians involved in the care and monitoring of patients with ALS and their family members. However, the conclusions of this study have to be applied to the individual patient with caution. It is our hope that these data, when regarded in the context of other ALS studies, will serve to enable informative and appropriate conversations between patients with ALS and their caregivers. This study also provides insights that may catalyze additional research in the field of ALS. The increase in familial clustering, especially among second-degree relatives, as well as a lack of conjugal ALS in our study population, most strongly supports the role of genetic factors in the etiology of ALS. However, we recognize that our study does not exclude an environmental contribution to fALS. The male predominance in ALS is widely reported, and a recent meta-analysis of population studies showed a male predominance of 1.3-fold, consistent with our estimate. 13 Less frequently reported is the male predominance in fALS, which is most likely attributable to lack of power in most fALS studies. We report a higher risk in first-degree male relatives (approximately 6) than in first-degree female relatives (and RRs are not significantly increased in female offspring and siblings). Furthermore, our study suggests that sons of patients dying with ALS have a more than 10-fold RR of dying with ALS. We believe that the significant excess of RR among males in our study has implications for understanding genetic and/or environmental aspects of the disease. Our study reconfirms and extends similar findings over the past 2 decades. [14] [15] [16] [17] There are multiple explanations for the male predominance in fALS and while this discussion focuses on genetic causes for this increase, environmental interactions more common to males, such as occupational hazards, could also account for these differences.
It is estimated that mutations in genes known to cause or contribute to ALS account for approximately 65% of fALS cases. 18 Because the Utah population is of mixed European background, it is likely that a similar percentage applies to the studied population. With the exception of the rare X-linked mutation in UBQLN2 and rare case reports of SOD1 having a reduced penetrance in females, none of the known genes have any major sexual dimorphism. [19] [20] [21] [22] Thus, some of the approximately 35% of undiscovered genetic contributions may account for these differences. In addition to X-linked inheritance, sex-specific imprinting and sex-specific effects on autosomal genes are of interest. 23 Another possible cause of the noted sexual dimorphism is mitochondrial involvement, which has long been implicated to have a role in ALS. 24 Our data strongly support additional efforts investigating sexual dimorphism in fALS, as these may also help to identify additional involved genes and help explain the overall male predominance in ALS.
One of the inherent limitations of this study over such an extended period of time is the deficiency of ALS cases in the early years studied. In the period between 1904 and 2009, the lifetime risk of ALS in our study is lower than expected (1:800). 25 When our data are restricted to only include deaths from 1990 to 2009, the lifetime risk of ALS is 1:391, which is consistent with typically described risks for ALS in a mixed European population. 25 Prior DC-based studies show similar findings of increasing number of ALS cases, which was attributed to underdiagnosis of ALS as well as decreased life expectancy, and not to an increase in the incidence of the disease. 26, 27 While this likely explains the majority of the discrepancy in incidence, another consideration specific to our population is the lack of a long-established referral center for patients with ALS within the state (started in 1990), which may have led to an underdiagnosis of ALS. Other limitations include potential inaccuracies in DC coding, missing or misrepresented genealogic data, and censoring of cause of death information for individuals dying outside of Utah. Most of these limitations lower the likelihood of identifying probands or their relatives, which suggests that the true familial risks of ALS may even be higher than estimated.
Despite these limitations, this is one of the most comprehensive studies of the risk of ALS among relatives with the disease. Our study provides further evidence of an increased risk of ALS among close family members (especially males), a rejection of the increased risk of ALS among distant relatives, a starting point for conversations among patients with ALS, families, and caregivers, and information that may help to direct research in the field.
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